Superior semicircularcanal dehiscence (SCD)syndromeis a recognized condition associated with varyingdegrees of vestibular and auditory dysfunction. The authorspresent a case study ofdisabling SCD syndrome in a 37-year-old man who was successfully treated with a complete round window niche occlusion via a transcanal approach. This case represents the first report of a transcanal complete round window nicheocclusion for the treatment of SCD syndrome. A brief literature review and discussion of surgical techniques follow.
Introduction
Superiorsemicircular canal dehiscence (SCD) syndrome is a recently recognized condition tha t is characterized by varying degrees of sound-or pressure-induced vestibular or audi tory symptoms.':" SCD syndrome may occur as a result of bony dehiscence in the area overlying the superior semicircular canal. Affected patie nts often complain of vertigo secondary to lou d sounds (Tullio phenomenon) or a visual sensa tion of viewed objects bouncing up and down (oscillopsia) in respo nse to movements or maneuvers that change middle ear or intracranial pressures. Among the presenting symptoms are chronic dizziness, imbalance, hearing loss, pu lsatile tinnitus, and aural fullness. Patients often report that the ir voice sounds un usua lly loud or like an echo (autophony), or they may notice a hypersensitivity to sound (hyperacusis). They may even report that they From hear th eir own eye movements or their own footsteps in the affected ear. A subset of patient s present with primarily auditory symptoms that may be discovered only after un successful stapes sur gery for pres umed otosclerosis.l" In this article, we describe a case of SCD syndrome that was effectively treated with a minimally invasive complete round win dow niche occlusio n via a transcanal approach.
Case report
A 37-year-old man presented with complaints of intermittent episodes of vertigo and dizziness that led him to suddenly collapse without losing consciousness. The pat ient said he had experienced at least 10such episodes during the preceding year. The frequency of these events had increased in recent months. The first episode had been preceded by a loud noise and was associated with stooping and straining; the subseq uent episodes were preceded on ly by stooping and straining. He no ted no change in heari ng, aural pressur e, or tinnitus associated with these episodes.
The patient reported an 8-year history of a sudde nonset, nonfl uctuating, left-sided hearing loss that had rema ined un chan ged and a l-year history of a grad ualonset, nonfluctuating, bilateral tinnitus (greater on the left) and a cons tant left-sided aural fullness and autophony. He also described hypersensitivity to certain sounds, reporting that he could hear the soun d of his own footsteps in his left ear while walking and the movement of bones when rotating his neck. He admitted to un protected noise exposure, and he had no known family history of hearing loss.
Physical examination demonstrated a normal-appeari ng right ear with an intact tympanic membrane, Audiometric testing demonstrated a left-sided lowfrequencyconductive/mixedhearing losswith subnormal bon e conduction thresholds at 250 Hz (figur e I,A) and intact acoustic reflexes.Vestibular testing demonstrated an enhanced vestibular evoked myogenic potential (VEMP) with lower thresholds on the left side. Highresolution computed tomography (CT) of the temporal bone confirmed the bony dehiscence overlying the left superior semicircular canal (figure 2). After a review of the history, findings, and test results, a diagnosis of left SCD syndrome was made.
We reviewed the disease process, prognosis, and treatment options with the patient and informed him that his symptoms had been caused by a mobile third window in his inner ear. The treatment options included ( 1) a middle fossa craniotomy with resur facing or closure of the superior canal dehiscence, (2) a transmastoid superior canal occlusion, (3) a transcanal occlusion of the round window niche, and (4) continued observation. We also discussed the risks, ben efits, and altern atives to treatment, 
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Asubjective patient questionnairethat evaluates their perception I of hisor herhealth; in thiscase, pertainingto nasalobstruction, sneezing, rhinorrhea, and snoring. Answers usually ra nge from zero (nosymptoms) to 10 (the most severe symptoms).'
In the first three-year study directly comparing long-term efficacy times. Visit us at AAO·HNSF, Booth #808 bony posterior canal was enlarged with high-speed drill curettage, which allowed for ample visualization of the ossicular chain, round window niche, chorda tympani, facial nerve, and hypotympanum ( figure 3,A) .The bone overlying the round window niche was removed with a diamond drill for further exposure ofthe round window membrane ( figure 3, B) . A small piece of tragal cartilage and perichondrium was harvested through an incision on the medial aspect of the tragus. Perichondrium was removed, and a 2-mm biopsy punch was used to create a circular piece of cartilage. The cartilage was cut to approximately 1 mm thickness. The round window niche was then occluded in three layers. The previously harvested tragal cartilage disc was trimmed to fit and then placed against the round window membrane ( figure 4,A) . Palpation of the incus revealed slight movement of the cartilage within the round window niche. Bone wax was gently placed over the cartilage and round window niche ( figure 4, B) , and care was taken not to invaginate the round window membrane. After the round window niche was sealed, palpation of the incus revealed no movement of the bone wax. A layer of perichondrium was then placed over the bone wax and promontory to provide further reinforcement of the complete round window occlusion ( figure 4, C) . The tympanomeatal flap was then reapproximated along the posterior canal wall, and the external canal was packed in the usual fashion.
Packing was removed after 1 week, and the patient was evaluated again at 2; 6, and 10 weeks postoperatively. At the I-week evaluation, he said his dizziness, autophony, and hyperacusis had completely resolved, he had experienced no recurrent vertigo, and his left-sided aural fullness had abated significantly. However, he did note a slight decrease in hearing and a slight increase in tinnitus in his left ear. At 6 and 10 weeks postoperatively, the patient re-1046· www.entloumal.ccrn mained vertigo-free and without dizziness/imbalance or collapse on straining or loud-noise exposure. Examination of the left ear revealed an intact tympanic membrane and aerated middle ear space. Pneumatic otoscopy ofthe left ear failed to elicit symptoms of vertigo or nystagmus. A vibrating 256-Hz tuning fork placed on the medial malleolus was no longer heard in the left ear. The left-sided aural fullness, autophony, and tinnitus remained completely resolved, and his hearing had returned to preoperative levels. The patient could no longer hear his footsteps during walking, nor could he hear bony movement with head rotation. Subjectively, the patient's symptoms were completely resolved, and he was very pleased with the results of the procedure.
Postoperative audiometry at the 6-week follow-up demonstrated intact auditory reflexes bilaterally and resolution of the subnormal bone conduction in the left ear at 250 Hz (figure 1, B) . Findings on VEMP testing remained abnormal, with a lower threshold and enhanced amplitude in the left ear.
Discussion
Much has been written about SCD syndrome since Minor et al first described the vestibular symptoms associated with this condition in 1998. 1 Patients with this syndrome experience various vestibular and/or auditory manifestations. Diagnosis relies on the history, physical examination findings, and testing. Typical symptoms include sound-or pressure-induced vertigo, disequilibrium, oscillopsia, autophony, aural fullness, and hearing loss. Examination and testing may reveal sound-or pressure-induced torsional/vertical nystagmus in the plane ofthe affected superior canal, hyperacusis to bone-conducted sound, a conductive hearing loss with intact acoustic reflexes, and an enhanced VEMP (lower thresholds) in the affected ear. Bony dehiscence overlying the superior semicircular canal on the symptomatic side is evident on high-resolution CT of the temporal bones. A vibrating tuning fork may be heard in the affected ear when it is placed on the ipsilateral medial or lateral malleolus.V'" Some patients complain primarily of auditory symptoms and report no specific vestibular symptoms. These patients have occasionally been identified after unsuccessful stapes surgery for correction of presumed otosclerosis. Various authors have attributed some of these failures to an inner ear conductive hearing loss. It is
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Figure4. A: The round window nicheis occluded with tragal cartilage (arrow). B: The cartilage and round window nicheare covered with bonewax (arrow). C: A layer of perichondrium (arrow) covers the bone wax, cartilage, and round window niche.
believed that this conductive hearing loss occurs secondaryto the presence ofa mobile third window in the inner ear; a third mobile window may lessen air-conduction thresholds and increase bone-conduction thresholds less than 0 dB HL in the lower frequencies. v":" Evaluations in an animal model have supported this proposed mechanism.":" Patients with SCD syndrome may be distinguished from patients with otosclerosis and ossicular fixation by the presence of an intact acoustic reflex and an enhanced VEMP.12
Recent research has led to an improved understanding ofthe mechanism underlying SCD syndrome. Temporal bone studies suggest that the bone overlying the superior semicircular canal may be dehiscent in as much as 0.7% of the population and less than 1 mm thick in another 1.3% of individuals.' Dehiscence of bone overlying the membranous superior semicircular canal may lead to a mobile pathologic third window within the inner ear.II,IS Sound or positive pressure arriving via the external ear or middle ear may result in movement of the round and This leads to an increase in the firing rate (stimulatory) ofthe afferent neurons that innervate the ampulla ofthe superior cana l. Eyemovements and nystagmus occur in the plane of the superior canal accord ing to th e Ewald laws.Avertical-torsional nystagmus is no ted in the plane of the superior canal. Fast-phase vertical nystagmus is directed dow n, and torsional nystagmus of th e superior pole of the eye is directed towa rd the affected ear. Negative pr essure changes at the site of th e round and oval window or increases in intracranial press ure m ay also result in movement or pressure changes within the inner ear.These pressure changes transmitted th rough th e site of superior cana l dehiscence toward the roun d and oval window result in eye movements occurring in the opposite direction.v -' :" Eye movements may not cor-.
respond to the affected canal in cases ofbony deh iscence of more than 5 mm or in cases of hypofunction of the superior canal. ' :'?
An awareness of SCD syndrome is crucial in the consideration of appropriate differential diagnoses. Other disorders that may mimic SCD syndrome include a patulous eustachian tube (pET ), temporomandibular joint syndrome, serous otitis media, eustachian tube dysfunction, perilymphatic fistula, benign paroxysmal positional vert igo, Meniere disease, and allergic disease.v" Patients with these disorders may present with a variety of overlap ping signs and symptoms similar to SCD syndrome.A thorough evaluat ion will help distinguish SCD syndr ome from other processes .
The sym ptom s of pET may closely m im ic SCD syndrome. Lying down in both conditions m ay relieve patients' symp toms ." Wh ile aut op ho ny, aural fullness, and a conductive hearing loss may be pr esent in both conditions, a low-frequ ency con du ctive hearing loss with subnormal bone conduction, intact acoustic reflexes, and an enhanced VEMP on the affected side should heighten the suspicion of SCD syndrome. Highresolution CT of the temporal bone will help confirm dehiscence overlying the superior semic ircular canal in the affected patient.
Treatment op tions vary depending on symptom
NEW FROM SEILER
.E~C7-:. (2) transmastoid superior semicircular canal occlusion. 2 , 5, 6, 8, IO, 12, 16, 17, 26 In both cases,the superior semicircular cana l is addressed through occlusion or resurfacing techniques. This effectively eliminates a pathologic thi rd mobile inner ear window at th e site ofthe superior semicircular canal. Shortand long-term results vary depending on the approach and procedure. Various risks and complications have been reported with both major surgical approaches. Besides the inherent risks of a middle fossa craniotomy and temporal lobe retraction, reports suggest that middle fossa repair of superior cana l dehiscence may result in sensorineural hearing loss in cases of revision surgery and in pat ients who have undergone previo us stapes surgery." Canal occlusion-via either a transmastoid approach or middle fossa approach-does carry a small but real risk of resultant globa l vestibular hypofunction in addition to a risk of sensorineural hearing loss." As a result of these possible complications, surgica l correction is often used onlyin patients with severe or disabling symptoms.In an attempt to avoid these risks, both D.S.Poe, MD (written communication; February 2009) and J.M. Kartush, MD (oral communication; February 2009) have suggested fascia reinforcement of the round and oval windows in a procedur e similar to peri lymphat ic fistula repair. This may dampen the hypercompliance ofthe round and oval windows and decrease the sensitivity of the inner ear to sudden fluctuations in sound or pressure."
The senior author has advocated complete round window niche occlusion in an effort to eliminate the effects of a pathologic third mobile inner ear window. Over the course of 4 years, a technique was developed for occlusion of one of the th ree mob ile inner ear windows at the site of the round window rat her than the superior semicircular canal. The intent was to develop a min imallyinvasive alternative to more-invasive surgical procedures. This technique was developed as the result of a desire to devise a readily reversible procedure that poses little or no risk to the patient's hearing.
Complete round window niche occlusion may be performed via a transcanal approach-similar to a stapedectomy-thus avoiding a middle fossa craniotomy or transmastoid approach. If th e procedur e is unsuc-10 50 · www.entjournal.com cessful, it can be easily reversed; the fascia, cartilage, and bone wax occlusion of the round window niche can be removed with little risk of damage to the inner ear. More-invasive techn iques might then be reserved for patients in who m the minim ally invasive round window niche occlus ion fails. Offering round window niche occlusion prior to resurfacing or superior canal occlusion through a middle fossa craniotomy or transmas toid approach might allow for treatment of patients who have previously declined or may not be candidates for major surgica l procedures.
Complete round window niche occlusion differs from other prev iously proposed minima lly invasive procedur es.As op posed to decreasing oval and round window compliance with fascia, complete round window niche occlusion with cartilage, bone wax, and perichondrium directly eliminates the mobility of the round window. Elimi nation of the third-window effect occurs, thus reestablishing a two-window system between the oval window and the site ofcanal dehiscence. This occlusion results in resolut ion or improvement of symptoms associated with SCD syndrome.
In conclusion, the authors of th is report achieved dramatic results by performing a complete m ultilayered closure of the round window niche in a patient with disabling SeD syndrome. This readily reversible, minimally invasive approach may offer an alternative to more-invasive surgical proce dures. Based on our review of the literatur e, it appears that ours is th e first reported case of a minimally invasive complete round win dow closure for the treatment of symptoms associated with SCD syndrome. Our prelim ina ry results are encouraging, and further evaluation of the outcomes of th is techn ique is in progress.
Note : Since the completion of this case report, the senior author has treated a second patient with SCD syndrome and similar symptoms by performing a comp ete closure of the round window niche in a similar fashion. Unfortunately, the patient's symptoms became worse, and a transmastoid superior cana l occlusion was performed. Results are not yet known.
have wide latitude in how we perform individual operati ons depend ing on th e anatomy of a given patient , rh inoplasties generally involve five procedures:
• removing a dorsal hump; • nar rowing th e bony nasal arch; • lowerin g and/o r sho rtening the upper lateral cartilages; • narrowing and/or lowerin g th e nasal tip ; and • sho rtening and fittin g the cartil aginous septum.
A prope r appre ciation of th e contribution that th e different septal elements m ake to the entire nasal form will allow surge ons to more consistently achieve th e function aland cosmetic goalsof corr ective rhinoplasty." Surgeons will have a greater opp ortunity to enhance th e cosmetic appearance of the visible po rt ion of th e nose if we have a good understand ing of th e nonvisible portions. Stud ies of thi s kind are important to basic and appli ed medical science.
